Abstract Background: Gastrectomy patients are commonly unable to maintain nutritional status. The aim of the current study was to examine the impact of a designed dietary protocol on postoperative outcome of cancer patients undergoing gastrectomy. Methods: Sixty adult male and female cancer patients was included, and divided into two equal and matched groups (study & control). Four data collection tools were used: sociodemographic data sheet, postgastrectomy complications assessment sheet, nutritional assessment sheet and wound assessment sheet. The study group patients received specially tailored total parenteral nutrition (TPN) within a nutritional/dietary protocol focussing on six small dry daily feeding meals (low carbohydrate, moderate protein, low fat).
did not differ significantly from admission to the last follow up time (11.3 ± 2.2 & 10.5 ± 1.1 for hemoglobin, 3.6 ± 0.5 & 3.7 ± 0.2 for serum albumin, 6.7 ± 0.7 & 6.4 ± 0.5 for serum total protein, 135.9 ± 4.0 & 137 ± 5.9 for serum sodium, and 3.7 ± 0.6 & 3. 5 ± 0.3 for serum potassium, respectively) as compared to that of the control group who showed statistically significant differences (11.1 ± 2.1 & 7.9 ± 2.5 for hemoglobin, 3.7 ± 0.6 & 2.9 ± 1.3 for serum albumin, 6.4 ± 0.5 & 4.9 ± 0.5 for serum total protein, 137.9 ± 3.9 & 133 ± 4.7 for serum sodium, and 3.8 ± 0.3 & 3.3 ± 0.2 for serum potassium, respectively). Dumping syndrome affected the control group subjects more frequently than the study group ones. Conclusion: Specially tailored TPN within a nutritional/dietary protocol was associated with less prevalence of significant weight loss, malnutrition and dumping syndrome in cancer patients undergoing gastrectomy as compared to control group.
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Introduction
Dumping syndrome is a set of unpleasant vasomotor gastrointestinal symptoms that occur after meals as a direct result of surgical removal of all or part of the stomach and the pyloric sphincter or cutting the nerve that controls stomach contractions. These changes drastically reduce the reservoir capacity of the stomach [1, 2] . It is experienced by approximately one-half of patients after stomach surgery for 1-6 months. Substantially patients suffered more from early than late dumping syndrome after gastrectomy. Two clinical factors, surgical procedures and amount of body weight loss, are considerably related to the occurrence of both early and late dumping syndrome [3] . After surgery, the size of the stomach is much smaller. Eating a regular size meal, meals of hyperosmolar composition or a bolus of hypertonic fluids cause the food /fluid to be ''dumped'' too quickly in the small intestine acting like sponges, resulting in extra cellular fluids (ECF) shift or fluid drawing to dilute food decreasing plasma and blood volume with secondary distention of the bowel lumen which stimulates intestinal motility with the urge to defecate, this in addition to a very high rise in blood sugar [3] and manifestations of early dumping such as cramping pain, bloating, borborygmi, explosive diarrhea, low blood pressure, dizziness, fainting, sweating, irregular or rapid heart beat, shortness of breath, feelings of weakness, nausea, and vomiting. The late phase (dumping) is attributed to reactive hypoglycemia following over production of insulin in response to rapid absorption of glucose with manifestations of profuse sweating, fatigue, anxiety, tremors, exhaustion, faintness, headache and nausea. These manifestations usually last for no longer than an hour after meals [1] . Subtotal gastrectomy is now a feasible treatment for early gastric cancer with improved postoperative quality of life with no decrease in operative curability [4] . Subtotal gastrectomy carries a lower incidence of late complications with most patients recovered from them within one year after surgery, although the occurrence of postprandial abdominal fullness was not uncommon [5] .
Treatment as stated by Rivera et al. [2] is to never allow a large amount of food to enter the stomach, avoid foods that cause a high rise in blood sugar, take medications that keep the food longer in the stomach, e.g. anticholinergics to block the dumping syndrome reflex, pectin to reduce the severity of diarrhea, in addition to vitamin and mineral supplements to compensate for poor absorption.
Patient-specific tailored total parenteral nutrition (TPN) is a well established nutritional modality of delivering nutrients in an individualized mode according to each patient needs and medical condition in certain circumstances when caloric demand cannot be fulfilled or oral and enteral intake is not tolerated i.e. gastrointestinal intolerance to feeds [6, 7] .
Thereafter, dietary counseling is important to focus on having six small dry feedings daily that are low in carbohydrates, restricted in refined sugar; and contain moderate amount of protein and fat with fluid never taken with the meal but may be between meals. The patient should plan rest periods of at least 30 min after each meal. The recumbent position is the most beneficial if the patient can arrange for it [3, 4] .
Early dumping syndrome usually lasts 3-4 months, however, late dumping syndrome usually lasts one year, but it may persist for many years [1] .
The aim of the current study was to examine the impact of a designed dietary protocol with specially tailored TPN on postoperative outcome among cancer patients undergoing gastrectomy at Cairo University Hospitals as regards nutritional status, frequency of dumping syndrome symptoms and wound healing.
Patients and methods
A quasi-experimental research design (non-randomized clinical trial) was followed in this study. Quasi-experimental studies are conducted to examine the effect of specific interventions on patients' outcome [8] .
A convenient sample of 60 hospitalized adult male and female cancer patients; 20-60 years old, operable i.e. having no metastasis and willing to participate in the study; undergoing total or subtotal gastrectomy were included in the current study and divided into two equal homogenous groups: study and control (30 subjects each), with the following matching criteria: age group, co-morbidity diseases, and type of surgery.
The study was conducted at the different surgical units of the National Cancer Institute, and the general surgical wards of El-Manial University Hospital. Four tools were utilized to collect data pertinent to the study. Two tools were designed, tested and piloted by the study team to examine their applicability, clarity, reliability, and feasibility for data collection. These tools are:
(1) Socio-demographic (Table 1) and medical data sheet, (2) Nutritional assessment sheet [9] (Tables 2 and 3) , (3) Dumping syndrome assessment sheet (Tables 4 and 5) , and (4) Wound healing assessment sheet [10] (Table 6 ).
Nutritional assessment sheet and wound healing assessment sheet were adopted, modified, then piloted by the study team. Percent of weight change was defined as percent of weight change each assessment relative to the previous assessment and on admission weight change was calculated relative to 6 months ago according to history taking which was performed. Significant (rapid) rate of weight loss was defined as weight loss greater than 2% per week, 5% per month, 7.5% per 3 months, or 10% per 6 months. An official permission to conduct the study was obtained from the Vice Dean for Higher Education and Research, the Head of the general surgical wards of the National Cancer Institute, the Director of El Manial University Hospital, and Directors of general surgical units. In addition, patients' agreements to be included in the study were obtained.
A designed dietary protocol in the first, second, and third post operative weeks was given to the hospitals dietitians and nurses enrolled in the study team to implement it on the study group. It comprised of six small dry feedings daily that are low in carbohydrates, restricted in refined sugar; and contain moderate amount of protein and fat with fluid never taken with the meal but may be between meals . The patient should plan rest periods of at least 30 min after each meal. The recumbent position is the most beneficial if the patient can arrange for it. Nurses also explained to the patients how to feed after discharge from the hospital.
A pilot study was carried out on six patients who undergone total and subtotal gastrectomy who fulfilled the inclusion Table 2 Comparison between the two studied groups as regards anthropometric measurements throughout the assessment periods (n = 30 in each group). criteria from different surgical units of the National Cancer Institute and El-Manial University Hospital Cairo University to test clarity, reliability, and feasibility of data collection tools.
Based on the results of the pilot study, needed refinement or modifications were done in the data collection tools.
Post-operatively, both the study and control group subjects were exposed to the traditional intensive care unit (ICU) care.
During their presence in the ICU, the study group patients received TPN through an inserted CVP. Monitoring the received volume of TPN was done guided by CVP measurement, vital signs, and urine output. TPN was designed on an individual basis (tailored), according to age, nutritional assessment data, and other associated diseases such as liver, or renal diseases and diabetes. Preparation of TPN was done utilizing the hospital resources of intravenous fluids such as aminosteril KE ). In addition, one vial of addamel, one vial of soluvit and one vial of vitalipid, which are all products of Fresenius Kabi, Uppsala, Sweden, were added to the whole daily volume of TPN for each patient. TPN was prepared under the laminar flow of the clinical pharmacy at the National Cancer Institute respecting admixing ranges and stability standards. TPN was administered using continuous intravenous method of administration using IV blood transfusion sets (over 18 h). Blood glucose level was monitored every 4 h, vital signs and urine output were monitored at least every 8 h. Laboratory investigations for serum electrolytes and albumin were performed every 24 h. Both the study and control groups parenteral bags were prepared and delivered from the hospitals admixing unit.
Total parenteral nutrition was administered starting from the first post-operative day and for 4 days postoperatively, then the physicians were contacted to check if patients were going to start oral fluids or not. Patients were informed regarding dumping syndrome manifestations, how to prevent their occurrence and how to handle them if happened. The assessors of the results where blinded as to which group each patient was enrolled. The ICU resident, not involved in the research, ordered fluids to the control patients which were prepared in covered bags in the hospitals admixing unit under laminar flow similar to the covered TPN bags of the study group. Both groups were encouraged to eat once the surgeon allows them to.
As regards the control group subjects, the same previously mentioned actions were done for them except for provision of dietary protocol regimen and specially tailored TPN. However, for ethical reasons, patients in the control group who had problems associated with eating and did not know what to eat were answered for any questions. There was a continuous contact with patients and their care givers, through phone calls to monitor their conditions at home on regular basis.
Each patient either in the study or the control group was assessed on admission, during hospitalization (at the end of the fourth day) and one, two, and three months after discharge (Follow up I-III respectively) utilizing the four study tools. Laboratory data were obtained on admission, during hospitalization (6 h after end of : the TPN, in study group, or the parenteral fluid bags , in the control group, of fourth postoperative day) and one, two, and three months after discharge (Follow up I-III, respectively). Wound healing assessment was done on the fifth postoperative day and before discharge. Wound description (length, width depth and for how long it is present) was also investigated. Both the study and control group subjects were exposed to the routine hospital care.
The sample size calculations were performed using the nQuery Advisor software package (version 4.0; Statistical Solutions, Boston, MA). A power analysis indicated that a minimum sample size of 40 patients randomly assigned to the treatment groups would provide 80% power for detecting a significant difference between the groups.
Data of the current study were verified prior to computerized entry. The Statistical Package for Social Sciences (SPSS version. 11) was used for that purpose followed by data Table 6 Comparison between the study and control group subjects as regards wound assessment, on the fifth post-operative day and before discharge (n = 30 in each group).
Frequency & groups:
In the 5th post. operative day Before discharge Table 1 describes the study and control group subjects as regards their socio-demographic characteristics. No statistically significant differences were evidenced between the study and control groups in relation to their socio-demographic variables. As regards the patients medical condition, the majority of both groups (86.7%) were free from chronic diseases. Approximately two thirds (70%) of both the study and control group subjects had undergone partial gastrectomy, while less than one third (30%) undergone total gastrectomy. No statistically significant difference was found between the two groups as regards the type of surgery. The mean total length of hospital stay among the control group was 20.1 ± 8.1 as compared to 17.6 ± 6.2 of the study group with no evident significant difference. Table 2 shows comparison between the two studied groups as regards anthropometric measurements. Figure 1 shows comparison between the study and control group subjects as regards rate of weight loss. It clarifies that the whole study group and slightly more than three quarters of the control group subjects (100% & 76.7%, respectively), had a significant weight loss (rapid weight loss) on admission. During hospitalization weight loss affected both groups, but was only significant among approximately one third (30%) of the control group, and a minority (3.3%) of the study group, indicating a statistically significant difference between the two groups (v 2 = 7.68, at p 6 0.01). During the three follow up assessment periods weight loss significantly affected the control group more than the study group (70% & 23.3%, 80% & 43.3%, and 60% & 23.3%, respectively). Chi square test showed statistically significant differences between the two groups as follows (13.12, 8.52 & 10), at p 6 0.01. Table 3 shows comparison between the study and control group subjects as regards laboratory investigations. Figure 2 shows that, both the study and control group subjects (100%) were admitted with a risk of malnutrition (malnourished). This proportion reduced gradually during different assessment periods among the study group subjects (66.7%, 43.3%, 40% & 26.7%, respectively), as compared to the control group ones (100%, 100%, 83.3%, & 76.7%, respectively), who remained at risk of malnutrition. Chi square test showed statistically significant differences between the two groups during different assessment periods (v 2 = 12, 23.8, 12 & 15.02, respectively) at p values 60.001. Figure 3 shows frequency of dumping syndrome among the studied group subjects. It indicates that dumping syndrome was experienced by the control group subjects most frequently than the study group ones all over the different assessment periods (100 & 80%, 100% & 63.3%, 100% & 50%, and 100% & 56.7%, respectively). No statistically significant differences were found between the two groups during hospitalization (v 2 = 0.68). However, highly statistically significant differences were found between the two studied groups in the follow up assessment periods (13.46, 20, & 16. 59 respectively, at p 6 0.001). Table 4 shows dumping syndrome symptoms experienced by the studied groups subjects. As regards timing of the experienced dumping syndrome symptoms, Table 5 shows the experienced symptoms during hospitalization and in the different follow up assessment periods. Table 6 displays a comparison between the two studied groups as regards wound assessment in the fifth postoperative day and before discharge as regards wound status before discharge. It clarifies that approximately two thirds of the study and control group subjects needed up to two weeks for sutures to be removed (66.6% & 70%, respectively). A tendency to delayed wound healing was noticed among the control group subjects more than the study group ones (40% & 23.3%, respectively). However, no statistically significant differences were found between the two groups in this regard.
Results
No correlations were found between age and anthropometric measurements among the study group subjects all over the Table 7 Studied groups' anthropometric measurements in relation to age all through the assessment periods (n = 30 in each group). different assessment periods. However, only a positive correlation was found between age and mid arm muscle circumference among the control group subjects on admission, during hospitalization, and in the second and third follow up assessments as follows (r = 0.45, 0.425, 0.431 & 0.532, respectively at p 6 0.01), indicating that the greater the age, the more the muscle loss (Table 7) . On admission, all the study group subjects' males and females (100%), the majority of the control group males (81%), and two thirds of the females (66.7%) had a significant weight loss. During hospitalization minorities of the study group males (18.75%) and females (7.1%), had significant weight loss, as compared to the control group males (33.3%) and females (22.2%). In the different follow up assessment periods, stability in body weight was noticed among most of the study group males and females (81.25%, 43.3%, & 31%, and 78.6%, 42.8% & 35.7%, respectively), as compared to the control group females and males (76.2%, 76.2% & 90.5% and 55.5%, 77.8% & 77.8%, respectively), whose body weight changed significantly. However, no statistically significant differences were found regarding the significance of weight loss in relation to gender.
Regarding laboratory data changes, Table 8 reveals that only serum cholesterol level was found to be positively correlated with age only among the study group subjects in different assessment times. The proportion of patients with mild to moderate hypo-albuminemia did not differ significantly in relation to gender among both the study and control groups subjects. However, a statistically significant difference was found between males and females of the control group subjects during the second follow up assessment (v 2 = 5.5 at p 6 0.05) ( Table 9) . No correlations were between laboratory investigations and hospital stay among the study group subjects. Only serum albumin and serum cholesterol levels were found to be negatively correlated with hospital stay among the control group subjects (r = À0.396 at p 6 0.05 & r = À0.553 at 60.001, respectively) ( Table 10 ).
During hospitalization, no statistically significant difference was found between the type of surgery (total or partial gastrectomy) and dumping syndrome symptoms among the study group subjects. However, a significant statistical difference was found among the control group subjects. In the first follow up assessment, a statistically significant difference (at p 6 0.001) was found among the study group subjects, indicating that all subjects with total gastrectomy (100%) and half of those with partial gastrectomy (50%) suffered from different dumping syndrome symptoms. However, no statistically significant difference was found among the control group subjects in this respect. In the second and third follow up assessments, no statistically significant differences were found between those with total or partial gastrectomy among both groups (Table 11 ).
Discussion
The current study findings showed that, males represented the major segment of both the study and control groups, with a proportion of 1:0.62. In this regards, Ergor [11] revealed that there is a male predominance in cancer incidence world wide, with a ratio of two males: one female.
Specially tailored TPN within a nutritional/dietary protocol comprising six small dry feedings daily that are low in carbohydrates, and contain moderate amount of protein and fat was associated with less prevalence of significant weight loss, malnutrition and dumping syndrome in cancer patients undergoing gastrectomy as compared to the control group.
Significant (rapid) rate of weight loss is weight loss greater than 2% per week, 5% per month, 7.5% per 3 months, or 10% per 6 months. Patient is categorized as at actual risk of malnutrition if he had any of : marked over weight (20% > Ideal body weight), marked under weight (20% < Ideal body weight), unintentional weight loss (10% of usual body weight), serum albumin 63.5 g/dl or presence of three or more risk factors affecting nutritional status which are recent unintentional weight loss or gain, appetite change, taste alteration, difficulty in chewing or swallowing, recent surgery/or sepsis/trauma, GIT disturbances such as diarrhea, and constipation, food allergy, multiple medications, decreased income, immobility and social isolation. The incidence of emaciation and dumping syndrome was revealed to be lower in patients who undergone functional jejunal interposition [12] . The results also delineated that, malnutrition was a significant problem among both groups on admission. During the first, second, and third follow up assessments, approximately one third of the study group subjects remained in the category of being malnourished as compared to the great majority of the control group subjects. Similarly, Lutz and Przytulski [13] , and Williams and Botti, [14] clarified that malnutrition occurs due to different circumstances such as, the stress of trauma or surgery. They added that it occurs in institutional settings where care givers fail to provide adequate nourishment, to monitor patients' food intake, and to make sure that they have help in eating. This is also in agreement with what described by Pertkiewicz [15] . In the current study, the percentage of weight loss experienced by the control group subjects was greater as compared to that of the study group ones. They had higher percentage of weight change, and mean difference in their body weight which approximately doubled that of the study group subjects, indicating a statistically significant difference between the two studied groups. Therefore, an individual who has undergone a major surgery, including subtotal gastrectomy [5] requires using a five day rule. If feeding has not resumed after five days, nutritional support should begin. If significant malnutrition is present on admission, seven days of specifically tailored nutritional repletion should be strongly considered prior to surgery, and restarted in the early post-operative period.
Considering laboratory investigations in the present study, the TPN group (the study group) showed significant improvement in their laboratory data results as compared to the control group ones. However, they showed in common prevalence of mild to moderate degree of anemia, hypoalbuminemia, and altered serum electrolyte levels during certain periods of assessment for the study group, and all through assessment periods for the control group subjects, indicating statistically significant differences between the two groups in this respect. Serum albumin level was negatively correlated to length of hospital stay among the control group subjects. Hypoalbuminemia was reported by Mathus-Vliegen [16] to be correlated with severity of illness rather than the degree of malnutrition.
The current study showed decline in GIT complications, caused by dumping syndrome among the study group subjects as compared to the control group ones, indicating a statistically significant difference between both groups. The experienced GIT symptoms were that of early and late dumping, with greater frequency among the control group subjects than the study group ones, indicating statistically significant differences. In the present study the designed dietary protocol with knowledge provision was expected to decrease frequency of dumping syndrome symptoms. However, this did not seem to affect the frequency of dumping symptoms among those who suffered in the study group. The noticed benefit was decreased severity of their experienced symptoms as compared to the control group subjects, who showed greater frequency and severity. In a study to investigate the incidence of dumping syndrome after partial or total gastric resection and its relation with patient's preoperative nutritional status as well as the clinical behavior with dietary management during a short-term follow-up period, it was revealed that, the incidence of dumping syndrome was 45%. Patient's preoperative nutritional status affected the presence of clinical symptoms. Adequate dietary management reduced dumping manifestations in 53% of the patients during a short-term follow-up period [17] . This comes in agreement with the current study results. In another study where results with distal gastric resections were analyzed, rate of dumping-syndrome was 12.3%. Original surgical methods for improvement of early and delayed functional results have been developing and applied in the clinical practice [18] .
The current study denoted that subjects in the study and control groups had moderate to extensive degree of wound inflammation, and purulent discharge accounting for one third of the study group as compared to more than one half of the control group, indicating a statistically significant difference, and delayed wound healing, with greater frequency among the control group subjects.
The current study demonstrated finding of many nutritional problems such as anemia, hypoalbuminemia, and hypoproteinemia. These problems can be held responsible about predisposing to wound infection [19] . However, the noticed stability in the study group's nutritional status did not correct the level of hemoglobin to be up to the normal value. That is why its effect was not proved to be statistically different between the both groups in relation to wound healing in the current study. Therefore, one can deduce that the effect of nutritional problem is not the sole one affecting wound healing [19] especially, where the hypothesis which suggest that the group who will receive nutritional support have better wound healing was not supported. Therefore, other factors unrelated to nutrition may affect wound healing. These factors may be the type of surgery, surgeon's technique and length of hospital stay. Preoperative shaving increases the risk of infection due to multiplication of bacteria in microabrasions caused by the razor on the surface of the skin [19] . Nevertheless, inspite of denoting no direct cause-effect relationship between nutritional status and occurrence of wound infection, preoperative as well as postoperative nutritional support are needed to restore nutrient loss after surgery [16, 20] . These findings could rationalize what was noticed in the current study, where the study subjects received TPN only post operatively and for a period not exceeding several days. So, the effect on postoperative wound healing did not prove to be a significant one.
Some limitations were present in the present study; the findings of the current study cannot be generalized because of the small sample size and the control group which was examined regarding the routinely provided information from the hospital staff. It is also recommended to perform further studies to investigate the effect of preoperative nutritional support on patients' nutritional status and to compare between different nutritional protocols in relation to their effects on wound healing and between total and subtotal gastrectomy patients as regards frequency of dumping syndrome with nutritional interventions.
The present study supports the important role of the intensivist in the area of patients nutrition through assessing nutritional status, calculating individualized caloric requirements and teaching patients about the required diet and how to prevent, as well as handle, the experienced dietary problems. It might also generate an attention and motivation for further researches in this area. Based upon findings of the present study, one can conclude that, nutritional care using a designed (tailored) TPN regimen, as well as dietary instructions (dietary counseling), tended to improve nutritional status and reduce frequency and symptoms of dumping syndrome. However, wound healing was not found to be affected by the nutritional intervention in the current study.
